Three processes, production, usage, and response, can be used to describe vocal ontogeny. They may develop independently of each other for a given vocalization and a given species as a result of the different selective pressures associated with each process. We have investigated vocal ontogeny in the swift fox Vulpes velox, using recordings and observations of captive foxes from the time of natal den emergence (age 3-4 weeks) to the time of natal dispersal in the wild (age 4-5 months). We first classified adult vocalizations used during the mating and pup rearing seasons into vocal types (19 types in total) and found that swift foxes have a vocal repertoire comparable in size and diversity to other canids. The repertoire of juvenile foxes contained 16 of the 19 adult-type vocalizations and one juvenile vocalization by age 10 weeks, after which no new types appeared by the end of the study period. Two of the 3 adult vocalizations not observed in juveniles appear to be associated with mating and possibly territoriality and the third is a high intensity alarm vocalization. Apart from 3 vocal types (1 alarm and 2 non-agonistic), once vocalizations had appeared in the juvenile repertoire, they did not seem to change in context over time. Juvenile responses to 5 vocalizations emitted by adults (3 alarm, 1 agonistic, and 1 non-agonistic) appeared to change with increasing age to approach adult-type responses. The emergence of these adult-type responses to 2 of the 3 alarm vocalizations coincided with their first appearance in the juvenile repertoire. The results indicate that there is variation in the degree (in terms of the number of vocal types) of modification over time among the three processes.
Introduction
Vocal ontogeny can be described in terms of three processes; the production of vocalizations with specific acoustic features, the use of vocalizations in a specific environmental or social context and the response given to the vocalizations of conspecifics, each of which may develop asynchronously from the other two (e.g., Seyfarth & Cheney, 1997) . It has been suggested that in social species and species with a relatively long period of offspring/parent association, it is important for young animals to be able to utter vocalizations close in acoustic structure and context to those of adults for more effective communication early on compared to a random production and usage (Seyfarth & Cheney, 1997) . In fact, in a review of studies on primate vocal development, Seyfarth & Cheney (1999) found that vocal production showed the least plasticity during development, vocalization usage was moderately altered, and responses to vocalizations uttered by conspecifics were the most modified over time.
Changes in vocal production may occur in connection with social learning (Baptista, 1996) and with developmental changes in vocal tract anatomy and ability to control the emission of sound (Hauser, 1997) . Social signals may have different selection pressures at a given stage in development based on their function (e.g., appeasement, threat, etc.). This would lead to differences in development, with some vocalization patterns being largely innate and others being more plastic. This may explain why, as summarized in Seyfarth & Cheney (1999) , within the same species some calls show no modification during development and other calls show some modification. In some species, all of the calls show no modification in terms of their acoustic features (Seyfarth & Cheney, 1999) . In these cases, either there is equal selection pressure across the repertoire, or perhaps the structures required for production of all calls in the repertoire are used to some degree in calls with a high selection pressure to be comprehensible early on, and all calls are thus adult-like at their first appearance in the repertoire. At the other end of the scale, some social signals may be selected for plasticity. In this case, social learning may be required to, for example, learn the acoustic features for a certain dialect, type of predator, or ones that will convey individually distinctive information. These vocalizations would then show some degree of modification over time.
Social learning and changes in motivation associated with particular stages in development can further influence the ontogeny of both vocaliza-
